This paper analyses pollen deposition in Lublin (Poland) and Skien (Norway). The studies were conducted in the years 1999 and 2000 using the gravimetric method and a Durham sampler. The study results varied both between years and cities. 10 more plant taxa were identified in Lublin than in Skien. In Lublin the highest airborne pollen concentrations were recorded in April, whereas in Skien in May and July. Betula, Pinaceae and Poaceae were the dominant taxa at the sampling site in Poland, while in Norway these were Pinaceae, Betula and Urtica. During the period of two years, annual pollen sums for most taxa were higher in the conditions of Poland, and the maximum pollen concentrations of Betula and Poaceae were higher in Poland, while for Pinaceae the pollen counts were higher in Norway.
INTRODUCTION
The condition for the occurrence of pollen allergy symptoms is contact with an allergenic agent. Therefore, the best method for pollinosis control is to avoid contact with allergens. When planning a holiday or other trip, it is worth to choose places of low allergenic pollen concentration. According to D ' A m a t o and S p i e k s m a (1990), strongly allergenic plants such as: Corylus, Alnus, Betula and Poaceae, start to shed pollen a month later in northern Europe than in central Europe. A comparison of pollen deposition for the three abovementioned taxa in Lublin and Skien is presented in a earlier paper (P i o t r o w s k a , 2004).
The aim of the research was to determine the qualitative and quantitative composition of pollen deposition in Lublin and Skien as well as to compare airborne pollen counts in the abovementioned cities in order to establish whether there is any difference in the time when pollen is found in the atmosphere of south-eastern Norway and eastern Poland.
MATERIALS AND METHODS
The studies were carried out in the years 1999 and 2000 in Lublin (Poland) and Skien (Norway), two cities which are distant from each other by 1200 km in straight line. The airborne pollen concentration was determined using the gravimetric method and a modified Durham sampler (D u r h a m , 1964) . Slides were changed weekly. The results were expressed as the number of pollen grains per 1 cm 2 (p/cm 2 ). In Lublin (51 o 14′N, 22 o 34′E) the sampling site was located within an area of residential buildings, characterized by a relatively high building density. Trees of the following genera: Betula, Salix, Acer, Quercus, Fraxinus, Populus, were found in the vicinity of the sampling site. The Durham trap was located at a height of 9 m.
Skien (59 o 20′N, 9 o 50′E) is situated in south-eastern Norway in the district of Telemark, at a distance of about 100 km from Oslo. The sampling site in Skien was located at the city outskirts. In the close vicinity, there is a mixed forest with a predominance of Picea, Betula, Quercus, Corylus, Fraxinus. Urtica occurred nearby in large numbers. The Durham trap was located at a height of 3.5 m above ground.
Mean annual temperature in Lublin is 7.4 o C, whereas in Skien it is 5.9 o C. More precipitation is recorded annually in Skien than in Lublin, 840 mm and 550 mm, respectively.
The study results for each city are presented, among others, in the form of the phenological pollen calendar which was prepared in accordance with the IAA's recommendations (S p i e k s m a , 1991).
RESULTS
During pollen monitoring, there was demonstrated a greater diversity of airborne pollen in Lublin than in Skien. 40 taxa were identified in Lublin (Fig. 1) , whereas in Skien this number was 30 (Fig. 2) . Marked quantitative differences were also found. In Skien significant pollen deposition (with the annual total of more than 50 grains) was recorded with respect to 10 taxa, whereas in Lublin for 18 taxa (Table 1) . In both cities, some taxa were represented sporadically and their single grains were recorded; this applied primarily to entomophilous plants ( Table 1) .
The highest airborne pollen concentrations in Lublin were found in April, whereas in Skien in May and July (Fig. 3) . Pollen grains noted in Skien in July probably originated in their major part from longdistance transport. In Lublin the dominant taxon was Betula, followed by Pinaceae and Poaceae, while in Skien these were Pinaceae, Betula and Urtica (Tab. 1). In both years of the study in Lublin, there was found much more arboreal pollen (AP) than non-arboreal pollen (NAP). The AP percentage in the annual sums of all pollen grains was within the range of 78.1 -81.2%. In both years of the study in Skien, large differences were noted between AP and NAP deposition. In 1999 the percentage proportion of arboreal pollen in the pollen spectrum was 52.2%, whereas in 2000 it was 85.7% (Table 1) .
There were also differences in the start dates and duration of the pollen seasons. Mean air temperature had the greatest effect on the start date of the pollen season. Due to low temperatures at the beginning of 1999, the pollen season in Skien was delayed by 5 weeks relative to Lublin. The abundant and dense occurrence of pollen grains in the atmosphere of Lublin was recorded from the last week of February, while in Skien from the 3rd week of April when temperature increased above 5 o C. Higher temperatures in 2000 promoted an earlier start of the pollen season in Skien, which took place at the same time as in Lublin (Fig. 3) .
In 1999 most taxa were represented in much larger numbers in pollen deposition in Lublin than in Skien, the following being the exception: Pinaceae and Urtica. In 2000 higher annual pollen sums were recorded in Skien than in Lublin for Corylus, Alnus, Ulmus, Fraxinus, Pinaceae, Rosaceae and Urtica (Table 1). The comparison of the pollen seasons in both cities shows that the greatest differences related to tree plants. The mean start dates of the pollen season were similar, but the periods of higher airborne pollen concentration were noted at different times. The maximum Betula pollen deposition occurred in Lublin in the second week of April, while in Skien at the beginning of May (Fig. 4) . The seasonal maxima for Fraxinus and Quercus were noted two weeks earlier in Lublin than in Skien. High values of Pinaceae pollen influx in both cities were recorded in the second half of May, and in Skien a second peak appeared additionally in the middle of July, outside the pollen shed period of the neighbouring plants. The start and end of the grass pollen season as well as the seasonal maxima were recorded on similar dates at both sampling sites. However, grass pollen deposition was higher in Lublin than in Skien. The maximum Rumex pollen concentrations were observed two weeks earlier in Lublin than in Skien. The Plantago pollen season in Skien was shorter and less abundant than in Lublin. In Skien much higher Urtica pollen values were found. The seasonal maxima were recorded there a month earlier than in Lublin. The mugwort pollen season pattern in both cities was very similar, and the maxima occurred at the same time. In Skien ragweed pollen was noted in smaller amounts and later than in Lublin (Fig. 4) . 
DISCUSSION
Pollen deposition reflects the vegetation occurring in a given area. The smaller number of taxa in the pollen calendar of Skien than in Lublin is evidence of the smaller number of anemophilous plant species which grow there. The flora of Norway is poorer than in central Europe. Mountain vegetation predominantly grows there. Fixed forests with a predominance of spruce and oak (without hornbeam) reach the south-western part of the Scandinavian Peninsula. Birches -Betula pubescens, B. verrucosa -and aspen (Populus tremula) are also found there. On the other hand, Lublin lies in the climatic zone in which deciduous forests make up the main vegetation formation (P o d b i e l k o w s k i , 1995). In central Norway J o h a n s e n (1992) carried out a study on aeroplankton near a birch wood. Among 33 identified taxa, Betula, Urtica, Poaceae accounted for 75 -80 % of the total annual pollen count. The pollen of these taxa was also noted in large amounts in Skien. The small numbers of Pinaceae pollen grains identified by J o h a n s e n (1992) confirm the enormous influence of local plant cover on the pollen spectrum. The abovementioned author reports that the closest source of Pinaceae pollen was located at a distance of about 10 -20 km from the sampling site.
The climate is also a very important factor affecting airborne pollen concentrations. The climatic conditions of Poland are marked by high weather variability and significant variations in seasonal weather patterns in particular years. This is associated with the transport of maritime or continental air masses (K as z e w s k i et al. 1995). The climate of Norway is mitigated under the influence of the warm Gulf Stream from the subtropical zone. In spite of the fact that Skien lies on the same latitude as Alaska, it is characterized by a much milder climate owing to the Gulf Stream. Mean annual temperature is 1.5 o C higher in Lublin than in Skien, which promotes plant growth. Based on the present studies, large differences were found in pollen deposition at both sampling sites. In 1999 the pollen counts for most taxa were higher in Lublin than in Skien, except for Pinaceae and Urtica. But during the warmer year of 2000, higher pollen influx was noted in Skien with respect to 7 taxa. In the spring before flowering, trees and shrubs need to absorb a given amount of heat (F r e n g u e l l i et al. C, respectively, whereas in March a significant increase in temperature was recorded and the mean monthly temperature was 5 o C. Air temperatures in the first months of the year in Lublin and in Skien were similar in 2000. As a result of aerobiological investigations, it was found that the start of the pollen season occurred at the same time in both cities in 2000, whereas in the previous year large differences were observed (Fig. 3) . In both cities, pollen grains of Corylus and Alnus first appeared in the aeroplankton. In 2000 the pollen seasons of these plants started at the same time. In Lublin there is generally a significant rise in temperature in April compared to March, whereas in Skien it takes place a month later. With increased air temperature, high pollen concentrations were observed.
According R a m f j o r d (1991) compared the pollen counts at 10 sampling sites in Norway, situated on different latitudes. He found regional variations in pollen assemblage, primarily associated with local vegetation, meteorological conditions and the topography of the terrain. In the north in Tromsø (69 o ), birch sheds pollen a month later than in Oslo.
CONCLUSIONS
Due to the geographic location of Skien, it may be presumed that the pollen seasons start there later than in Lublin. The present studies show that, in favourable weather conditions, in particular with favourable temperature, the pollen season starts in Skien at the same time as in Lublin.
In Skien there was found a lower diversity of taxa in pollen deposition than in Lublin.
In both years of the study, the annual sums and maximum concentrations of Pinaceae and Urtica pollen were higher in the conditions of Norway. In the case of the other taxa, higher values were recorded in Lublin at least in one year.
Maximum pollen concentrations for most of the taxa occurred earlier in Lublin than in Skien.
Zróżnicowanie opadu pyłku wybranych taksonów roślin w Lublinie (Polska) i w Skien (Norwegia) S t r e s z c z e n i e W pracy analizowano opad pyłku w Lublinie (Polska) i Skien (Norwegia). Badania prowadzono w latach 1999 i 2000 metodą grawimetryczną przy uży-ciu aparatu Durhama. Wyniki badań były zróżnicowa-ne zarówno pomiędzy latami jak i miejscowościami. W Lublinie oznaczono o 10 taksonów roślin więcej niż w Skien. Największe koncentracje pyłku w powietrzu Lublina rejestrowano w kwietniu, natomiast w Skien w maju i lipcu. Na stanowisku pomiarowym w Polsce dominującymi taksonami były: Betula, Pinaceae i Poaceae a w Norwegii Pinaceae, Betula i Urtica. W ciągu dwóch lat sumy roczne pyłku większości taksonów były wyższe w warunkach Polski. Maksymalne koncentracje ziarn pyłku Betula i Poaceae były wyższe w Lublinie, zaś Pinaceae w Skien.
